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SUBJECT: Evaluation of Incemel X to 301 Stainless Stee®Hesist
Spotwelds at 78°F and =423°F. -

A gignificant reduction in the "dry" weight of present and fut:
. missiles and spacecraft could be made with the substitutlon .
" Inconel X (solution treated and aged) in place of annealed
steinless steel as a thrust ring material. The yield strengti
aged Inconel X is approximately 90,000 psi compared to 30,
‘for smnmealed 321, and both alloys have approximately simils
: - densities. An Inconel X thrust ring cculd be produced by inte'
| forming (ring rolling) or by butt welding and stress relieving
followed by proper heat treatment {solution treated 2100°F/4 hr.
aged 1550°F/24 hr. and 1300°F/20 hr. end air cocled). Furnace;
capseble of heat treating such rings with proper atmosphere. ecntra.
are ccmmercislly available.

: However, the possible use of an Inconel X thrust ring would depe
i upon its welding characteristics and its eryogenic temperature
} properties when resistance spotwelded to tre missile skin materi
! thin gauge (.010%=-.0207) highly cold rolled 301 stainless steel
i

sheet. In order to ascertain the weldsbility and determine

schedule several ssmples of .060" Inconel X {solution treated
aged) were resistance spotwelded to .020* 301 stainless steel
j (0-71004) on a Taylor Winfield, 10C KVA capscity, machine. It
; found that a .020" tab of stainless steel sheet was required o ' .
the 301 s.s. side (see sketch of specimens) to cbtain a uniform and
reliable weld. A welding schedule wacs determined and several c;',,
& tension and tensile shear type specimens were made to determine tha .
mechanical properties st room and subzero temperatures. S

Specimen configurations were as follows:
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A total of twenty cross—tension and tensile shear spotweld specimens
have been tested at +78°F and —423°F (see data in Table 1). The
tensile shear strengths of single spotwelds were well above the 500 .
pounds minimum requirement, and, as may be seen from the data
tabulation, in all cases the Inccnel X- stainless steel spotwelds
were stronger than the stainlesc steel- stainless steel spetvelds;‘
However, until further and more comparative dsta sre accumulsted,
the most significant factor is that the tension/sheer retics for .
Inconel X- stainless steel spotwelds ( G81 at 78°F, and 0.24 at —&23 F}*
were much superior to stainless steel-stainless steel spotwelds N
(0.77 at 78°F and 0,19 at -320°F).

It is elso significant to ncte that the ten511e/ shear strength ratic
for Inconel X- stainless steel spotwelds st =423°F is higher than
that cof the stainles: steel-stainless steel spotwelds at =-320°F. The
latter represents a condition of use that has proved to be reliable
and setisfactory in operation cf the Atlas missile. It appeers that,
on the basis of these limited tests, Inccnel X-stainless steel welds
would perform sstisfactorily et liquid hydrocen tempersture.
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Definite reccmmendations as to the use of Inccrel X for thrust ring
aprplications in present and future rroducts carnct be nade, however,
without a considerable amount of additicrel data. The Materisls
Research Group has initisted & testing program to cbtain the fellowing
mechanical property data on both znnealed and age hardened Irconel X:
F&y, Fty, e, E, and notched/unnctched tensile ratics at +78°F, ~-100°F,
-320°F, and ~423°F. In addition, further testing will he perf ormed t
to determine the cross-tension and shear strength properties of 060
and 090" Inconel X and stainless steel spotwelded to thin gauge skiﬁ
material, This testing will alsc be performed over a range of '
temperatures.

Based upon the limited testing performed to date, resistance spotweld
Jointe between ared Inconel X and cold relled Type 301 stainless steel
appesr to possess high strengths and reliable, reproducible prcperties
at room tempersture and at liquid hydrogen tempersture. These
prcmising results merit further consideration of Inccnel X to reduce
the welights of components such as thrust rings, i‘langes, and bracketis,
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